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A bstract:The m easurem ent ofsparticle m asses in the M inim alSupersym m etric
Standard M odelattheLHC isanalysed,in thescenariowherethelightestneutralino,
the ~01,decaysintothreequarks.Such decays,occurringthrough thebaryon-num ber
violatingcoupling00ijk,poseaseverechallengetothecapability oftheLHC detectors
sincethenalstatehasno m issing energy signatureand a high jetm ultiplicity.W e
focuson thecase00212 6= 0 which isthem ostdicultexperim entally.The proposed
m ethod isvalid overawiderangeofSUGRA param eterspacewith 00212  10
  5  0:1.
Sim ulations are perform ed ofthe ATLAS detector at the Large Hadron Collider.
Using the ~01 from the decay chain ~qL ! ~
0
2q !
~lR ‘q ! ~
0
1‘‘q,we show that the
~01 and ~
0
2 m assescan be m easured by 3-jetand 3-jet+ lepton pairinvariantm ass
com binations.AttheSUGRA pointm 0 = 100GeV,m 1=2 = 300GeV,A 0 = 300GeV,
tan = 10, > 0 and with 00212 = 0:005,we achieve statistical(system atic)errors




and ~qL,with an integrated lum inosity of30 fb
  1
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1.Introduction
The addition ofsupersym m etry (SUSY)to the Standard M odel(SM )represents a
theoretically attractive way ofaddressing severalofthe problem s faced when at-
tem pting to reconcile constraintsfrom fundam entalm odelsathigh scaleswith the
phenom enology seen at the electroweak scale. In general,supersym m etric m odels
which attem pt to solve the naturalness problem ,and x the Higgs m ass near the
electroweak scale,predictarich spectrum ofphysicswhich can beaccessed by exper-
im entsattheLargeHadron Collider(LHC).However,m oststudiesofexperim ental
signalsforSUSY haveassum ed thatR-parity (R P)isconserved.R P isa m ultiplica-
tivequantum num berdened as( 1)3B+ L+ 2S whereB and L arebaryon and lepton
num bers,and S is the spin ofthe particle. Ittherefore distinguishes SM particles
(R P = +1)from theirsuperpartners(R P =  1).
IfR P isconserved (RPC m odels),SUSY particlescan only be created in pairs,
and thelightestSUSY particle(LSP)isstable.ThereforeSUSY eventseach contain
an even num ber ofLSPs,which escape detection and give rise to a large m issing
transverse energy (E m issT ). This signature has been exploited by m any analyses of
the discovery potentialofthe LHC [1],since itprovidesa clean separation between
SUSY eventsand theSM background.However,theincom pletem easurem entofthe
nalstatem akesthereconstruction oftheSUSY m assspectrum m oredicult.
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The following term s [2]m ay be added to the M inim alSUSY Standard M odel
(M SSM )superpotentialin orderto incorporateR-parity violation (RPV):















D k + iLiH 2; (1.1)
wheregaugeindiceshavebeen suppressed.
In the M SSM Lagrangian,SM and SUSY particles are grouped together into
lepton (Li), quark (Q i) and Higgs (H 1;2) SU(2) doublet superelds and electron
(E i),down (D i) and up (Ui) SU(2) singlet superelds. In Equation 1.1,ijk,
0
ijk
and 00ijk are Yukawa couplingsbetween the m attersupereldsand i isthe m ixing
term between the lepton and Higgsdoublets. The subscripts i,j and k are fam ily
indices. ijk isantisym m etric underi$ j and 
00
ijk isantisym m etric underj $ k.
W 6R p thereforeadds9+ 27+ 9+ 3= 48freeparam eterstotheM SSM superpotential.
Interactionsinvolvingtheijk,
0
ijk and icouplingsviolatelepton num ber,while
thoseinvolving the00ijk coupling violatebaryon num ber.Thesim ultaneouspresence
ofthesecond and third term sin Equation 1.1 can lead to fastproton decay in gross
conictwith thelowerlim iton theproton lifetim e[3].Sinceboth lepton and baryon
num berviolation arerequired in orderfortheproton to decay,currentexperim ental
bounds on the proton lifetim e and other SM processes can be respected ifeither
baryon num berorlepton num berisconserved [2].
Thedierencein experim entalsignaturesbetween RPV and RPC SUSY m odels
atthe LHC dependson the strength ofthe RPV coupling. W e willconcentrate on
the trilinearcouplingsand neglectthebilinearterm which leadsto m ixing between
the leptons and gauginos,and between the sleptons and Higgs bosons. W hen the
RPV couplings are sm allcom pared to the M SSM gauge couplings,the dom inant
eectisthatthe LSP can decay into SM particles.Forexam ple,thelifetim e ofthe
LSP (~01)asa function oftheRPV coupling 
00
212 isshown in Figure1a.
IftheRPV couplingsand M SSM gaugecouplingsareofthesam eorderofm ag-
nitude, RPV production processes and decays ofparticles heavier than the LSP
becom e im portant. Fora large 00ijk coupling,the branching fractions ofRPC and
RPV decays ofa squark can be ofthe sam e order ofm agnitude (Figure 1b),and
SUSY particlescan beproduced singly,aswasinvestigated in [4].
In the presentanalysis,00212 isthe only RPV coupling setto a non-zero value.
Thisgivesriseto the LSP decay m ode ~01 ! cds.Thisisthem ostchallenging case
experim entally,sincethereareno leptonsorb-quarksam ong the ~01 decay products
which can be used astagsforsignalevents. Aseach eventwillusually contain two
~01’stherewillbeatleastsix jetsin thenalstate.
TheRPV couplingwasadded toam inim alsupergravity (m SUGRA)m odelwith
5GUT-scaleparam eters:auniversalscalarm assm 0 = 100GeV,auniversalgaugino
m assm 1=2 = 300 GeV,trilinearH
~f ~f softSUSY breaking term sA 0 = 300 GeV,the
ratio ofthevacuum expectation valuesofthetwo Higgsdoubletstan = 10and the
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Figure 1: (a) Lifetim esofthe ~dR and ~
0
1 and (b) branching ratio ofRPC (dashed)and
RPV (solid)decays ofthe ~dR ,plotted against
00
212 atthe SUG RA pointm 0 = 100 G eV,
m 1=2 = 300 G eV,A 0 = 300 G eV,tan = 10 and sgn + .
sign ofthe SUSY higgsino m assparam eter positive. Itshould be noted thatwe
haveonly included theRPV coupling attheweak scale,i.e.theRPV coupling isnot
used in theevolution from theGUT scale,aswasdonein [5].
Fivesetsofparam etervalueshavebeen extensively studied in theR P conserving
M SSM .Theparam eterschosen here correspond to SUGRA Point5,with onem od-
ication: the value oftan hasbeen increased from 2.1 to 10 in orderto keep the
predicted Higgsm assabovethecurrentexperim entallim it.Them assesofsom ekey
particlesin thism odelaregiven in Table1.Searchesin theSUGRA Point5scenario
havebeen wellstudied in thecaseofa stable ~01 [1].AtthisSUGRA point,the ~
0
1 is
theLSP,asm ustbethecaseforouranalysisto bevalid,even though cosm ological
constraintswhich requiretheLSP to beneutralonly apply ifitisstable.
Thecaseof00212 = 0:005 isconsidered rst.Thiscoupling strength givesriseto
decay chains essentially identicalto those in an RPC m odel,except for the decay
ofthe ~01 inside the beam pipe,with a lifetim e of1:0 10
  14 s.Unlike m any other
RPV couplings,00212 isnotcurrently constrained by experim ent[6].
~01 ~
0






116.7 211.9 706.3 611.7 632.6 610.6 637.5 155.3 230.5 112.7
Table 1: M assesofselected particles(G eV)forthe m odelinvestigated.
The eect of varying the RPV coupling in our analysis willbe discussed in
Section 6.ForRPV couplingsoforder10  6 orsm aller[7],theLSP hasa suciently
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long lifetim eto decay outsideofthedetector.IftheLSP ischarged,heavily ionizing
low velocity trackswould be seen in the detector,providing a clearsignature.This
analysisaddressesthecaseofa neutralLSP,thelightestneutralino (~01),which has
negligible interactionswith the detector. Forlow RPV couplings,the experim ental
signature is then identicalto that ofan RPC m odel. However,ifRPV couplings
areabove10  4 [7],theLSP usually decaysin thebeam pipeand them issing energy
signature,seen in RPC m odels,isnotpresent.
2.A nalysis Strategy
In thiswork,HERW IG 6.1[8]isused astheeventgenerator1,and theocialATLAS
sim ulation program ATLFAST [10]isused tosim ulatetheperform anceoftheATLAS
detector. Since each ~01 decays to three quarks, and in generalthe decay chain
producesthe ~01 in association with atleastoneotherquark (typically from squark
decay),them ean jetm ultiplicity (N jet)in thesignaleventsishigh.
The principaldiculty in m easuring the ~ 01 m ass is the identication ofthe
correctjetsfrom the ~01 decay.Nearly allright-squarksdecay via ~qR ! ~
0
1q! qqqq
and one m ighttherefore expect N jet = 8 for ~qR ~qR production. Gluon radiation by
quarks,however,raisesthistoan averageof9.2jets,in spiteofthefactthatthethree
jetsfrom harder ~01sarespatially closetogetherand som em erging ofjetsoccurs.In
~qL ~qL eventsN jet = 10:7.Theincreasewith respectto theright-handed statesisdue
to the dierence in couplings to charginos and neutralinos. Gluinos m ostly decay
into asquark and aquark and ~g~g eventshaveahighervalueofN jet = 12:8.A sim ple
algorithm isused to calculatethejetenergies,sum m ing theenergy within a coneof
size0.4 aboutthejetaxisin the    plane,and atleast8 jetswith ET > 25 GeV
arerequired in signalevents.
Theanalysisproceedsin thefollowing steps:
 Cuts are applied to reduce the SM background to below 10% ofthe SUSY
signal. These cuts rely on the presence oflepton pairs in the signalevents.
Such lepton pairsareproduced from thedecay chain ~02 !
~lR l! ll~
0
1 in m ost
SUSY m odels.An analysisbased on lookingforeventswith twosuch ~02 decays
was proposed in [11]but the rate forevents with fourleptons ism uch lower
than foreventswith only one ~02 decay ofthistype.
 In each signalevent,cutsarem adeon thejettransversem om enta(pT)in order
to preferentially selectjetsfrom neutralino decays.
 Allpossible com binationsofthreeoftheselected jetsareinspected,and their
invariantm ass,m jjj,calculated. Eventsare retained iftwo com binationsare
com patiblewith thesam ecandidate ~01 m ass.
1The sim ulation ofRPV eventsin HERW IG isdiscussed in [9].
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 One ofthese three-jet ~01 candidatesiscom bined with an opposite sign,sam e
avour(OSSF)lepton pair.The invariantm assofthissystem ,m jjj‘‘,isa ~
0
2
candidate. A clearpeak atthe ~01;~
0
2 m assesin the m jjj,m jjj‘‘ plane isthen
observed.




In thefollowing sections,each ofthesestepsisconsidered in turn.
3.Standard M odelB ackground
The SM background in thism odelisconsidered in [1]. Itisshown in [12]thatthe
inclusive SUSY signalcan be separated from the SM background by requiring that
each eventcontains:
 atleast8 jetswith ET > 25 GeV;
 atleastonejetwith ET > 100 GeV;
 transverse sphericity> 0:2,transverse thrust< 0:9;








T ,where the sum includes
centraljetsand leptons(i.e.with pseudorapidity jj< 2);
 atleasttwo leptons(eor)with pT > 15 GeV and jj< 2:5.
W ith these cuts,the signalto background ratio is greater than 10. The SM
background has not been explicitly sim ulated in this study. Current M onte Carlo
eventgeneratorsarenotcapableofreliably sim ulatingQCD eightjetplustwolepton
production. W e have therefore sim ulated eight jets and two leptons distributed
according to phasespace.




leptonsarethereforerequired tohaveoppositechargesand thesam eavour(OSSF).
Theinvariant-m assdistribution ofthelepton pairscreated in thisdecay hasa kine-











and issim ulated afterexperim entalresolution in Figure2.
W ith the particular param eterset chosen this edge is calculated as 95.1 GeV.
Accordingly,eventsarerequired to havea lepton pairwith an invariantm assbelow





















Figure 2: The dilepton invariant m ass for events with an O SSF electron or m uon pair,
after the SM cuts have been applied. The kinem atic lim it for the decay chain shown in
Figure3isat95.1 G eV.Eventsareexcluded ifthereisnojetcom bination which passesthe
jetcutsdescribed in Section 4.FortheSUG RA pointchosen ithappensthatthekinem atic
edge liesjustabove the peak atm (Z0)from thedecay Z0 ! ‘‘.
4.D etection ofthe ~01 and ~
0
2
M any dierentdecay chainscan contributeto theSUSY signalselected by thecuts.
















Figure 3:O neofthe decay chainsofthe ~qL contributing to the signal.
W hen 00212 issm all,there are nearly alwaystwo ~
0
1sproduced in an eventand
one can therefore search fortwo setsofthree jetswith sim ilarinvariantm ass. An




jjjj< 20 GeV is
used in thisanalysis,wherea and blabelthetwo ~01 LSP candidates.
In orderto lim itthe com binatorialbackground,the search forthe ~01 signalis
initially restricted to events with 8  N jet  10,with the following cuts on the
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wherea1 denotesthehighestpT jetfrom neutralino candidatea,etc.
Candidatesetsofjetsfrom the ~01 decaycan alsobeidentied bytheirseparation
in the    plane.Forboth ~01s,cutsarem adeon thedistancebetween thehardest
and next hardestjets(R 12)and between the com bined m om entum vector ofthe
two hardestquarksand the softestquark (R 12  3). The following cutsare chosen









SincetheSUSY crosssection isdom inated by production ofsquarksand gluinos,
about95% ofeventshavetwo hard jetswith E
(h1)
T > 200 GeV and E
(h2)
T > 100 GeV
from thesquark decays.W erequirethattwo jetsin an eventsatisfy thesecuts.W e
do notusethosetwo jetsto construct ~01 candidates.Thisdecreasesthebackground
from wrong com binations.
For each com bination ofjets passing the kinem atic cuts,the jet energies are
rescaled according to their pT,to allow for energy lost out ofthe jet cones. The




T used in ATLFAST.
The reconstructed m assesofall~01 candidatesare included in Figure 5. Iftwo





































Figure 5: (a) The invariant m ass ofthree-jet com binations passing the cuts described
in the text. The m asspeak from the decay ~01 ! qqq can be seen above the background
from wrong com binations ofjets. The input ~01 m ass is indicated by the arrow. (b) A
phase-space sam ple showsa peak in m uch thesam e region.
com bination are plotted with unitweight. Howeverthiscan lead to one eventcon-
tributing a large num berofcom binationsand therefore ifthere are m ore than ve
com binationswhich passthecutsonly thevewith thesm allestdierence between
the ~01 candidatem assesareincluded.
In events with m ore than one com bination passing the cuts,two com binations
ofjetsoften dieronly in thechoiceofjetsforoneofthetwo ~01s.In such cases,the
uniquem asscom bination isincluded in thehistogram onlyonce.Thetwoam biguous
m assesareboth included with unitweight.
There is a broad com binatorialbackground beneath the ~01 m ass peak in Fig-
ure5a,theshapeofwhich isdened by thekinem aticcutsand isreproduced by the
phase-space sam ple,asshown in Figure 5b. In orderto furthersuppressthe back-






by form ing the totalinvariantm assofthe OSSF dilepton pairand one ofthe 3-jet
candidates.W echoosethe ~01 candidatewhich isnearestin     to eitherlepton.
By using the extra inform ation from the leptons we are able to supress the
com binatorialbackground. A clear peak in the (~01,~
0
2) m ass plane is visible in




shapestothebackground underthepeak.Itisclearthatthispeak isnotdeterm ined










































Figure 6:(a)The ~01 (m jjj)and ~
0
2 (m jjj‘‘)candidates.Thenum berofjetcom binations
passing the cutsper30 fb  1 isgiven by the key.Thecircle and the ellipse show the peak
and standard deviation ofa 2-d gaussian tted to the data contained in the dashed box.
The star shows the input m asses. (b) The corresponding (m jjj,m jjj‘‘) invariant m ass
com binationsfrom thephase-space sam ple show no such peak.
addition we nd thatthe position ofthe peak accurately followsthe inputm asses,
when thosearevaried from (116.7,211.9)to (137.8,252.6)GeV.
Thedatain therectangleshown in Figure6weretted with a2-dgaussian.Since
m jjj and m jjj‘‘ are highly correlated,the peak wastted in the rotated (m
+ ;m   )
coordinate system in which the correlationsare sm aller. The m assdierence relies
on lepton rather than jet m om enta,so the width in the m   direction (4 GeV) is
sm allerthan in them + direction (15 GeV).Thestandard erroron thepeak was4.5
GeV in m   and 1.5 GeV in m + .Thiscorrespondsto a 3 GeV uncertainty in each of
theneutralino m asses.
Our tted m asses,at m (~01;~
0
2) = (118.9,215.5) GeV are slightly high when
com pared to the input values of(116.7,211.9). This is due to severaleects,in-
cluding overlap between thejets,and thecontribution ofenergy from theunderlying
eventin thejetcones.Indeed we would expectthatoursim ple rescaling factorwill
overcom pensate for energy losses from jet cones,since the three jets from the ~01
decay are close in    ,so energy losses from one cone can end up in one ofthe
othertwo.
A fullerinvestigation oftheseeectsisbeyond thescopeofthisstudy,requiring
asitdoesa fullinvestigation ofthe calorim etercalibration procedure form ulti-jet


















































































Figure 7:Slicestaken through Figure 6a in the rotated (m + ,m   )coordinate directions.
The twasperform ed on the data contained in the region between the dotted lines. The
tted peak and width are given by thethick lineand arrow atthetop ofeach plot.
jetenergy scale willbe ofthe orderof1% forjetswith pT > 50 GeV [1].Forlower
energy jetsan uncertainty of2-3% ism ore likely. W ith realdata,therefore,itm ay
bepossibleto reducethesystem atic uncertainty on the ~01 m assto 3 GeV.
5.D etection ofthe ~lR and ~qL
Forthe m easurem ent ofthe slepton m ass,having tted the ~01 and ~
0
2 m asses,we
selectcom binationswithin 1  ofthe peak. These com binations,with two OSSF







the form er can be used for ~lR m easurem ents. The region ofm SUGRA param eter
space in which thischain willexistisgiven by thecondition m (~02)> m (
~lR ),and is
shown in Figure8.
The dilepton invariantm assdistribution,Figure 2,forourpointin M SSM pa-
ram eterspace shows only a very sm allpeak atthe Z0 m ass,buta clearkinem atic
edge,indicating thatthe slepton decay chain ~02 !
~lR l! ll~
0
1 dom inates. This is
expected atthispoint,sincethem (~02)  m (~
0
1)m assdierenceof95.2 GeV m eans
thatthereislittlephasespaceavailableforthedecay ~02 ! Z
0~01.Ifthem assesand
couplingsforthisdecay weresignicant,then wewould excludeeventswith dilepton
invariant m ass near m (Z0)from the ~lR m easurem ent. Both chains m ay have been
preceded by ~qL ! ~
0
2q,so both can beused forthe ~qL m assm easurem ent.
W e recallthatthe initialsam ple of~01 candidateswasrestricted to eventswith
8  N jet  10 in orderto reduce the com binatoric background. However,choosing
com binationsfrom underthe(~01,~
0
2)m asspeak rem ovesm uch ofthebackground,so
10




occursisshaded.M 0 istheuniversalscalarm ass,and M 1=2 istheuniversalgaugino m ass
atthe G UT scale.Thelowerhatched region isexcluded by lack ofelectroweak sym m etry
breaking orthe existence oftachyonic particles,whereasthe in the upperhatched region
the ~01 isnottheLSP and ouranalysisdoesnotapply.Thecontoursshow them assofthe
~uL squark.The m arkershowsthe chosen point.Theotherparam etersare:tan = 10,
A 0 = 300 G eV and sgn()= + .
in thissection thejetm ultiplicity cutistherefore relaxed to 8  N jet  11 in order
to increase the statistics. The invariantm assofthe three-jetneutralino candidates
is adjusted to the best-t m assofthe ~01,by rescaling the ~
0
1 jetm om enta by the
sam efactor.
The ~lR m ass is found by com bining the ~
0
1 candidate closest to a lepton in
    with thatlepton. The resulting invariant m ass distribution,mjjjl,is shown
in Figure9a.The sharp peak wastted with a gaussian,with anothergaussian for
the background. This gave m (~lR )= 157:8 0:3 GeV,which isslightly high when
com pared to theinputvalueof155.3 GeV forthesam ereasonsaswerediscussed in
Section 4.
Theexperim entalelectron and m uon m om entum scaleuncertaintiesareexpected
to besm allfractionsof1% [1],so thesystem aticerrorin theslepton m assm easure-
m entwillbe dom inated by the sam e (3 GeV)jetscale uncertainty asm (~01). The
statisticalerror in rescaling the 3-jet invariant m ass to the tted m (~01) peak in-
troduces another 3 GeV system atic error into the ~lR and ~qR m asses. The overall
system atic errorin m (~lR )istherefore3 3= 4:2 GeV.
The hardest two jets in the event are assum ed to have com e from squark or








































Figure 9: The m asses of(a) ~lR and (b) ~qL candidates. O nly com binations from under
the(~01,~
0
2)m asspeak,and satisfying thecutsdescribed in thetextare plotted.Each jjj
invariantm asshasbeen rescaled to thetted ~01 m ass.The
~lR and ~qL m assesareindicated
by thearrows.Thetted functionsare described in the text.
candidates. The ~qL m assisfound by com bining each ~
0
2 candidate with the harder
ofthese two leading jets. To reduce the background we selectcom binationswithin





1 to 2 .Theresultantinvariantm assdistribution,m jjj‘‘j,isshown in Figure9b.
A peak isvisible nearthe ~uL and
~dL m assesof633 GeV and 638 GeV respectively,
buttheresolution isnotsucientto separatethestates.
The background wasm odelled by nding the invariant-m assdistribution ofthe
~02 candidateswith thehardestjetfrom other~qL candidateevents.A gaussian tto
the signalwith thisbackground shape gavem (~qL)= 637 5 GeV.The uncertainty
in m odelling the background was estim ated by tting the distribution with other,
sim plerbackground shapes. These decrease position ofthe peak to 634 GeV (fora
resonance-shaped background)to 627 GeV (fora linearbackground).Thisshowsa
system atic uncertainty in the ~qL m ass ofabout 10 GeV.The hard jet used in the
calculation ofm (~qL),haspT > 100GeV introducingan uncertainty in them assscale
of1% [1],or6GeV.Carrying forward a3 GeV uncertainty in thejjjinvariantm ass
scale and 3 GeV from the ~01 t,the totalsystem atic error in the squark m ass is
12 GeV.
At this SUGRA point the dom inant decay m ode ofthe ~qR is ~qR ! ~
0
1q. One




used in the ~qL reconstruction with the second hard jet. Howeverwhile the cutswe
applied to reduce the Standard M odelbackground,i.e. requiring the presence of
two leptons,m ean that allthe signalevents contain a ~qL,they do not necessarily
contain a rightsquark.Only a third ofthesignaleventsactually contain a ~qR .M ost
ofthe SUSY events atthisSUGRA pointcom e from gluino production which will
either be rejected due to the large num ber ofjets or contain additionalhard jets
from the gluino decay,and hence have a large com binatoric background forthe ~qR
reconstruction.In an attem ptto reducethisbackground itispossibleto usecutson
the ~02 and
~lR m assesfrom ~qL decay on the otherside ofthe eventsuch thatthere
isonly one ~qR candidate.Howeverthisreducesthestatisticsso thata signalcannot
be observed. Thiscom bination offactorsm akesitim possible to reconstructthe ~qR
m assatthisSUGRA pointwith theavailablestatistics.
6.O ther values of00212
The m ethod outlined above isrelatively insensitive to the size ofthe coupling 00212.
However asthe RPV coupling 00212 isdecreased,the lifetim e ofthe ~
0
1 increasesas
shown in Figure 1a. The m ethod willstart to failwhen ~01s predom inately decay
beyond thersttracking layerofthedetector.Specialreconstruction could increase
thisby aboutan orderofm agnitude,atwhich pointthedecayswould occuroutside
ofthetrackingvolum e.W ethereforeexcludeeventswhen oneorotherofthe ~01shas
travelled m orethan 100 m m (1000 m m )from theinteraction pointin thetransverse
direction.
Ascan be seen in Figure 10 statisticsbecom e lim iting for00212 lessthan about
10  5,when c  800m m .W ith sm allercouplingstheRPV decayofthe ~01 eectively
switcheso,and a RPC analysisbased on a m issing transverse energy + lepton(s)
signature,such as[13],iseective.
If 00212 is larger than 0.1, an initial ~qR often decays im m ediately into 2 jets
and then only one 3 jetinvariantm asscom bination willnecessarily be close to the
neutralino m ass.
ThesizeoftheRPV coupling can bedeterm ined from the ~01 lifetim e,asshown
in Figure1a.Thelifetim eis,in principle,m easurablefora widerangeofcouplings,
by using vertexing inform ation. However the need for detector-levelM onte-Carlo
sim ulation m akesthem easurem entof00212 beyond thescopeofthispaper.
7.C onclusions
The usualubiquitous signature forthe R P conserving M SSM ism issing transverse
energy.ThissignaturedisappearsonceR P violatingcouplingsareadded,unlessthey




















Figure 10: The num ber of jet com binations with transverse decay lengths less than
100 m m (thick line),and lessthan 1000 m m (thin line),asa function oftheRPV coupling.




212 = 0:005 are excluded.
W eexam ined thecasewheretheneutralino LSP isunstableand decaysto 3 jets
with no particular tags on them (for exam ple b’s). This corresponds to the RPV
coupling 00212,thetrilinearRPV coupling giving thehardestcasein which to detect
and m easuresparticles.
By analysing the decay chain,~qL ! ~
0
2q !
~lR ‘q ! ~
0
1‘‘q,we have shown that
the ~01,~
0
2 and ~qL bedetected and theirm assesm easured,and thatthem assofthe
~lR can also be obtained in m uch ofparam eterspace. The sparticle production and
decaysin thissignalareallR P conserving apartfrom the ~
0
1 decay into 3 jets.
Although we have used a pointnearSUGRA Point5 to derive the softSUSY
breaking param eters,the m ethod should in principle work for other m ore general
SUSY breaking param etersetsin which the decay chain in Figure 3 exists. W hen
som eofthesparticlesinvolved in thedecay chain becom em uch heavierthan 1 TeV,
theanalysiswillbecom estatisticslim ited.
To sum m arise,in theM SSM with a trilinearRPV coupling,even in thehardest
choiceof00212,itispossibletodetectsparticlesand m easuretheirm assesattheLHC.
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